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Abstract 
We  propose the use of smart rainwater tanks (SRTs) equipped with water-level sensors, outflow monitors, and 
water pump controls. In our design, SRTs are connected via a network that enables monitoring data to be collected 
and pump-control commands to be issued to individual tanks. These connected tanks form part of a rainwater grid 
system (RGS). It will also be possible to monitor rainfall amount using the RGS since it functions as a high-
resolution rain gauge. This is important because Heavy rainfall can cause serious attenuation of the reflectivity of 
rain cells monitored by X-band multi-parameter (MP) weather radar networks. 
A prototype SRT system has been installed in a gravel-filled 110 tons underground tank in the Oginoura Garden 
Suburb, which is a maisonette-type housing complex, where its functions are now being tested. Initial results 
indicate that measuring rainfall using the gravel-filled underground tank is not suitable due to spikes in the water 
level after a heavy rainfall event has occurred. So, we decide to install a void type of 5.6 tons rainwater tank to the 
personal house for Moriyama. It will be installed a sensors at the first quarter of 2016.  
For pre-discharge of rainwater before heavy rainfall, diagnosis for heavy rainfall by using SOM is installed. This 
diagnosis is installed on “Internet Cloud” and possible to send a order to SRTs with pumps. The accuracy of 
diagnosis for heavy rainfall is investigated, but it is only for Aug. 2014, it should be more investigation. 
 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of HIC 2016. 
Keywords: Smart Rainwater Tanks, Dam by Citizen, Diagnosis for Heavy Rainfall  
© 2016 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of HIC 2016
244   Toshiyuki Moriyama et al. /  Procedia Engineering  154 ( 2016 )  243 – 246 
1. Background and Objective 
Hii River Basin sometimes attacked by flash flood frequently. Especially, at 24th July 2009, flood occurred in many 
places. Residents on Hii River Basin including researchers and officer are gathered and made a Civil Council of  Hii 
River Basin for Flood Control. To avoid the flood, Council propose new concept which is flood control on basin 
everywhere. This concept is to save the rainwater on every places. Council also proposed a concept of Distributed 
Multi-purpose Dam by Citizen, which is discontinued after middle ages. It was called that construction by 
themselves. 
After the flood of 2009, Council distributed 106 of 200 litters  tanks for residents in Hii River Basin for flood 
control. But only 29% residents were pre-discharged when warning of heavy rainfall issued. We decide to set the 
monitoring system and pre-discharge system for rainwater tanks and rainwater reserving facilities including unused 
agricultural ponds[1]. 
1.1. Past trials and Problems 
Smart rainwater tank of a 110-tons installed under the ground of the Oginoura Garden Suburb. This tank is a 
gravel-filled type and it has advance for water purification with gravel [2].  A water level sensor with pressure gauge 
and sensor node is installed. The sensor node is consisted by Arduino Mega with home brew AD convert shield and 
XBee wireless communication shield. Raingage and counter for water usage with sensor node is also installed. An 
actuator with 4 pumps are installed for the pre-discharge [3][4]. 
Oginoura tank was checked for rain-gauge, but the gravels disturbed the rainwater spreading, so high pressure is 
observed when heavy rainfall is occurred [5]. 
The system for Oginoura uses the wireless communication on 2.4GHz, IEEE-802.11.15, but it is not easy to 
continue the connection of each devices. This system records the timestamp at the gateway server not sensor node, 
cause the no time records for counting value on sensor node. After the long disconnection, the counter value is high 
amount and recorded at one time. 
To maintain the wireless connection with XBee in Oginuura, many routers are installed, but it needs a lot of 
power and it is difficult to serve the power line on the garden. Nodes should be less power consumption.  
Diagnosis program written by FORTRAN were already developed by using Self Organized Map (SOM)[6][7]. 
SOM is a kind of Neural Networks, but it is no need to use the data of supervisor. SOM classifies the weather 
pattern around Kyushu island, Japan. Hii River Basin is on the Kyushu Island. 
2. New SRT system 
We decide to install new system for Moriyama’s new house with 
5.6t non gravel-filled tank Shown in Fig.1. The Seeeduino Stalker 
V.3.0 is adopted for sensor node. Stalker is arduino compatible board. 
It has Real Time Clock (RTC), Bee Socket, connector for Li-Po 
Battery and possible to cut of the power for each devices and shields 
shown in Fig.2(a). The RTC is used for the timer interrupt,  every ten 
minutes. The AD convert shields are special ordered. This shield has 
an ARD-LTC2499 8ch 24bit AD convert chip and 128KB 
Ferroelectric RAM (FRAM) chip shown in Fig.2(b). FRAM is low 
power, random access memory with high-speed access. It keeps 
memory without power. FRAM is used for the records of observed 
data with time stamp. Also counter shield is special ordered for the 
memory of count value with quit less power consumption shown in Fig.3(a). Infinineon DC Motor control shield 
with controls up to 250W continuous load of pre-discharge pump shown in Fig.3(b). 
Pump is TMC 3000GPH Bilge Pump for 12V DC power. It should be backed up the power with heavy duty battery. 
Stalker with AD Shields and XBee are wake up by timer interrupt every 10 minutes and used 0.13A on 5V power, 
and less than 0.01A with deep sleep. 
 
Fig. 1. 5.6tons rainwater tank for Moriyama’s 
house. 
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The gateway is Raspberry Pi 2 B+ with Pico UPS 
shown in Fig.4. This gateway communicates with Sensor 
node with XBee, but it is too difficult to turn the corners of  
houses. Because 2.4GHz is quite straight forward wireless 
line. It is better to use Sub-GHz(920MHz) to turn the 
system, but in Japan, currently there is a few modules are 
served. And recently SORACOM Co. Ltd are start to serve 
a cheap 3G/LTE SIM for Internet of Things. For small 
SRT system, it is enough to use these SIM with Stalker 
V3.0 with AD and 3G shields. By using Gateway, 
observed data are sent to Amazon Web Service via https 
protocol and OpenVPN client is installed on the Gateway. 
It is possible to connect gateway from other OpenVPN 
client to gateway through OpenVPN server on the Amazon 
Web Service (AWS). It is too difficult to use HTTPS on 
the Arduino/Stalker node sensor, but SORACOM serves a secure system called SORACOM Beam which made a 
SSL/TLS secure channel for low power device.  
3. Flood control system 
The diagnoses programs were ported to Java program 
language and it works on AWS Lambda. If new GPV 
predicted data from Japan Meteorological Agency (JMA) 
though FTP.  When now file is arrived from JMA on the 
ftp server, it copied to AWS S3 storage service and this 
triggered AWS Lambda to start Java program on the  
AWS Beanstalks. This file is served every 6 hours and 
calculating time is about 5 minutes.  
For example, to investigate the accuracy of this 
diagnosis, input data is GPV data include wind direction 
and speed, air pressure at the High level (850mb) during 
the August 2104. Fig. 5. shows a relationship  of the 
probability for exceed 30mm/hour rainfall and observed 
maximum rainfall amount on the North Kyushu District. 
 
Fig. 2. (a)Seeeduino Stalker v3.0 with XBee (b) AD converter Shield. 
 
Fig. 3. (a) Counter shield (b) DC Motor control shield. 
 
Fig. 4. Raspberry Pi 2 B+ with PicoUPS and 3G dongle 
 
Fig. 5. Diagnosis of exceeded 30mm/hour VS observed 
maximum rainfall rate in North Kyushu District. 
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The lead time is 7 hours and observed data is checked plus minus 2 hours, i.e. 5 to 9 hours ahead. This Figure 
indicates that diagnosis is not so good. 
4. Discussion 
When the threshold of probability for exceeded 30mm/hour is 10%, CSI is 0.20, miss detection rate is 6.1% and 
false alarm rate is 36.8%. If threshold increase, CSI and false alarm decrease shown in Table 1. This CSI is relative 
low comparing with this kind of weather predictions. 
It is needed to investigate more long time series like whole rainy season in Kyushu islands.  
 
Table.1 threshold of probability for exceeded 30mm/hour V.S. CSI, miss detection rate and false alarm rate 
threshold of probability(%) CSI Miss-detection rate(%) False alarm rate(%) 
10 0.20 6.1 36.8 
20 0.16 11.0 19.7 
30 0.14 13.2 9.5 
40 0.057 15.8 2.9 
50 0.044 16.1 1.5 
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